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ABSTRACT
Brenner, Lynne A . ,  M.A.,  June, 1983 Zoology
Behavioral,  physio log ica l ,  and morphological e f fec ts  of testosterone  
and gonadotrophin in the male s ta r l in g  (Sturnus vu lgar is )  (52 pp.)
D irec tor :  Donald A, Jenni
Twenty-eight f i r s t - y e a r  male s tar l ings  were divided into 14 pairs  
on the basis of matched body weights. Dominant and subordinate r e ­
lat ionships were observed fo r  each pa i r  during ten minute pa ir  en­
counters and the frequencies of seven agonistic  acts exhibited were 
recorded. The members of each pa i r  were maintained in iso la t ion  
except during the encounter periods. A f te r  f i v e  encounters the 
subordinate members of seven of  the established dominant-subordinate 
pairs were in jected with e i t h e r  testosterone propionate (TP, 1.0  mg/ 
day/b ird  fo r  18 days, followed by 2 .0  mg/day/bird fo r  19 days) or  
o i l  (37 days). The subordinate members of  the remaining seven pairs  
were in jected a f t e r  four encounters with e i th e r  ovine lu te in iz in g  
hormone (oLH, 250 pg /day /b ird  fo r  11 days, followed by 500 p g /b i rd /  
day fo r  14 days) or phosphosaline (25 days). Behavioral observa­
tions were continued throughout the in jec t ion  period in the same 
manner as the pre-treatment observations. Blood samples were ob­
tained from each b ird  p r io r  to and following experimental treatment.  
Testes were excised at  the conclusion of the experimental observations.
Neither TP, LH, or control in ject ions  reversed the previously es­
tabl ished dominant-subordinate re la t ionsh ips .  No general s ig n i f ic a n t  
e f f e c t  was observed fo r  any of the pairs fo r  any of the behaviors ex­
h ib i te d .  In round-robin pair ings of each subordinate with every 
other dominant in i t s  group, the b i rd  which had previously  exhibited  
the higher level of general a c t i v i t y  emerged dominant, whether i t  
had been dominant or subordinate to i t s  o r ig ina l  pair -mate.
Testosterone in jec t ions  Increased both plasma testosterone level  
and t e s t is  s ize .  Mammalian gonadotrophin did not increase plasma 
testosterone but did st imulate  te s t is  growth. A change in b i l l  
color  from black to yellow was also noted fo r  the LH in jected birds  
beginning three weeks a f t e r  the f i r s t  LH in je c t io n .  No s ig n i f ic a n t  
differences in e i t h e r  plasma testosterone or te s t is  size were found 
between the control and non-injected b irds.
These resu lts  ind icate  that  while both testosterone and LH are 
e f f e c t iv e  in e l i c i t i n g  morphological and physiological responses, 
ind iv idua l  di f ferences in aggressiveness cannot be d i r e c t ly  re la ted  
to d i f ferences in the c i r c u la t in g  levels of these hormones. I t  is 
suggested that  genetic factors which in turn might influence brain  
metabolism of hormones are more important in th is  respect.
11
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INTRODUCTION
Social organization has been described in small f locks of  many 
species of  birds both in the wild and in c a p t iv i t y .  This social organi­
zat ion often manifests i t s e l f  in d e f in i t e  hierarchies of precedence 
based p r im ar i ly  on the outcome of an i n i t i a l  p a i r -c o n ta c t ,  or a series of 
such contacts, in which one b ird  loses a f ig h t  or submits passively  w i th ­
out f ig h t in g .  The animals are e f f e c t i v e l y  ranked or ordered, each sub­
ordinate to the one above i t  with respect to the aggressive-submissive  
dominance re la t io n .  The subservient b ird of an o r ig ina l  pa ir  th e re a f te r  
often avoids close contact with i t s  dominant, and revolts  leading to a 
change in social status are rare in the domestic chicken (Gal lus 
domesticus, Schjelderup-Ebbe 1935, Masure and Allee 1934, Murchison 
1935),  the canary ( Serinus ca nar is . Shoemaker 1939), the ring dove 
( S treptopel ia  r i s o r i a , Bennett 1939),  and the black-crowned night heron 
( Nycticorax nyct icorax , Nobel et  a l .  1938).
Once social rank is established i t  is maintained by the habit  o f  sub­
ordinat ion of those in lower pos it ions ,  reinforced by threats or punish­
ments d ea l t  out by those of  higher rank. The degree of aggressiveness,  
th ere fo re ,  is one fa c to r  which enables a dominant to maintain i t s  social 
p o s i t io n ,  and through that  social p o s i t ion ,  p re fe re n t ia l  access to space 
( i m p l i c i t  in th is  space are such items as food and mates).
I t  was suggested as e a r ly  as 1919 that  the degree of "maleness" in  
e i t h e r  sex is an important fa c to r  in aggressiveness (Whitman 1919). I t  
was suggested that  hormones might " a l t e r  experimental ly  the physiological  
state  of  selected birds of  known status in the social group" and, 
i n c id e n t a l ly ,  the social order as well (A l lee  1936). The in je c t io n  of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
selected indiv iduals  in f locks of hens with testosterone propionate re ­
sulted in an increase in aggressiveness and a modif icat ion of social  
status (A l lee  et a l .  1939).
Androgen replacement therapy restored aggressiveness that  had been 
p a r t i a l l y  or completely lo s t  fo l lowing castra t ion  in zebra finches 
( Peophila g u t ta ta , Arnold 1975), in  ducks (Anas piatyrhyncos, Deviche 
1979),  and in Japanese quail  ( Coturnix coturnix japonica , Sel inger and 
Bermant 1967, Ramenofsky and Gorbman 1980, Tsutsui and Is h i i  1981).  
Administration of exogenous androgen also stimulated aggressive behavior  
in in ta c t  red grouse ( Lagopus lagopus scoticus. Moss et  a l .  1979),  red­
winged blackbirds (Agelaius phoeniecius, Searcy and Wingfield 1980), and 
several other species (summary in Leshner 1978). This co rre la t io n  between 
androgen level and in te n s i ty  or order of  aggressiveness has not, however, 
been found to be un iversa l .  Repeated ad im in is t ra t ion  of testosterone in ­
duced very l i t t l e  or no modif icat ion of  aggressive behavior in in ta c t  
ducks (B a l thazar t  and Stevens 1976, Deviche and Balthazart  1976a,b,  
Balthazart  and Hendrick 1979, Deviche 1979),  Japanese quail (Ramenofsky 
and Gorbman 1980, Tsutsui and Is h i i  1981), s ta r l ings  ( Sturnus v u lg a r is , 
Davis 1957, Mathewson 1961), or weaver finches ( Quelea quelea. Crook and 
B u t te r f ie ld  1968).
Gonadotrophic hormone ( s p e c i f i c a l l y ,  lu te in iz in g  hormone, LH) ra ther  
than testosterone reportedly  causes aggressiveness in s ta r l ings  and 
weaver finches (Davis 1957, Mathewson 1961, Crook and B u t te r f ie ld  1968).  
In these experiments i t  was suggested that  gonadotrophin plays a d i re c t  
ro le  in social behaviors of birds ( i . e .  act d i r e c t l y  on the central  
nervous system without the mediation of steroid hormones). This 
hypothesis, too, has been confused with c o n f l ic t in g  re s u l ts .  Exogenous
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gonadotrophins apparently have no e f fe c t  on the frequency of occurrence 
of aggressive behaviors in ducks (Deviche and Balthazart  1976a, Ba lthazart  
and Hendrick 1979). Furthermore, the experiments on s ta r l ings  have been 
c r i t i c i z e d  on methodological grounds; they lacked s u f f ic ie n t  data to 
warrant s t a t i s t i c a l l y  va l idated conclusions and the hormone dosage 
administered was e n t i r e l y  outside the physiological range (van Tienhovan 
1968).
The present study was undertaken to invest iga te  fu r th e r  the ro le  of 
androgen and gonadotrophin in the expression of aggressive behavior in 
the in ta c t  male s t a r l in g .  I f  aggressive behavior is control led by 
androgen, administrat ion of testosterone to the subordinate member of an 
established dominant-subordinate pa i r  should increase the level of aggres­
siveness exhib ited by that  subordinate. S im i la r ly ,  i f  the control of  ag­
gressive behavior l i e s  in gonadotrophic s t im u la t ion ,  administrat ion of LH 
to the subordinate member of a pa i r  would be expected to increase the 
level o f  aggressiveness exhib ited by tha t  subordinate. Because the 
period of maximum aggressiveness in the s ta r l in g  corre la tes  with both in ­
creased plasma testosterone t i t e r s  and increased te s t is  weight (Temple 
1976) these parameters were also measured in an attempt to determine 
whether they re la ted  to the degree of aggressiveness exhib ited .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
MATERIALS AND METHODS
F i rs t -y e a r  male s ta r l in g s  were obtained in e a r ly  September from the 
Federal W i ld l i f e  Research Center in Denver, Colorado. Upon a r r iv a l  in 
the laboratory indiv idual birds were placed in small cages (38x46x41 cm) 
and were v is u a l ly ,  but not a c o u s t ic a l ly ,  iso lated from one another. The 
birds were subjected to a short-day photoperiod (9% h l ig h t :  14k h dark)
a t  a constant temperature of 21® C throughout the experiment. Food 
(Purina Layena F pou lt ry  feed) and water were provided ad l ib i tu m .
In l a te  October the surviving birds were f i t t e d  with numbered leg
bands. At th is  time, and again one month l a t e r ,  the birds were weighed 
to the nearest gram. Fourteen pairs were designated on the basis of  
matched body weights.
A one m i l l i l i t e r  blood sample was col lec ted from the jugu la r  vein of
each b ird  using a 25 gauge s t e r i l e  needle and heparinized syringe. Care
was taken to obtain the blood w ith in  a few seconds of removing the bird  
from i ts  home cage to minimize the possible e f fec ts  of stress. Sampling 
took place between 11.30 and 13.30 h on December 8 through 10. Each 
blood sample was immediately transferred  to a centr i fuge tube suspended 
in an ice bath and plasma obtained by cen tr i fu ga t ion .  The resu ltan t  
plasma was pipetted in to  indiv idual  s t e r i l e  cryotubes and immediately 
frozen a t  -40° C where i t  was maintained u n t i l  hormone assays were 
performed.
Behavioral Patterns
The frequencies of the fo l lowing behavior patterns were recorded:
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Aggressive Acts
1) f ly in g  towards the other p a i r  member (FLY),
2) mounting (MT),
3) kicking (KICK),
4) fea ther  f l u f f i n g  (FLUFF),
5) advance or th rea t  with r e t r e a t  or no r e t r e a t  of  the opponent 
(ADVANCE),
6) peck with r e t r e a t  or no r e t r e a t  of  the opponent (PECK).
Submissive Acts
1) displacement from the perch due to an aggressive act by the 
opponent (DSPL).
Attacks were i n i t i a t e d  by walking towards the opponent on the perch. The 
bird advanced upon e i t h e r  moved fu r th e r  down the perch, flew away, or r e ­
mained s ta t ionary .  I f  the b ird  remained s ta t ionary  the approaching bird  
e i th e r  stopped 3 to 4 inches away or sidled up alongside the opponent and 
pecked i t .  The m ajor i ty  of pecks were directed to the area of the eyes 
and beak with the remainder de l ivered to the back of the head and, in ­
f req uen t ly ,  to the legs. Occasionally, the aggressor would kick or mount 
the other b ird .  These behaviors coincided with descriptions of the 
typ ica l  behavior of  s ta r l in g s  in c a p t iv i t y  by Davis (1959) and Vandenbergh 
(1964).
Behavioral Observations
Seven pairs of s ta r l ing s  were chosen at  random for  Experiment I and 
the remaining seven pairs were assigned to Experiment I I .  Members of  
each pa i r  were placed together fo r  10 minute encounters between 12.30 h 
and 16.30 h. Pairs were tested an average of f i v e  days per week and
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a l l  pairs  were observed on each tes t ing  day. Encounters were i n i t i a t e d  by 
removing each pa i r  member from i t s  home cage and simultaneously releasing  
both birds into an i l lu m ina ted ,  g lass-fronted observation arena 
(60x40x40 cm) tha t  was v is u a l ly  iso la ted  from the other cages in the 
room. The arena contained only a perch 30 cm long traversing the l e f t  
rear  corner of the arena. Behavioral observation of the two birds began 
immediately and occurrence of the behavioral acts l is te d  above were r e ­
corded on a tape recorder by an observer hidden behind a cardboard bl ind  
f i t t e d  with a one-way glass observation s l i t .  This b l ind  was located  
18 inches in f ron t  of  the arena. At the end of the 10 minute encounter  
both birds were captured and returned to t h e i r  home cages. Another 
pair-observat ion was then s ta r ted .  The succession of the pairs observed 
was a l te red  randomly each day.
An increase or decrease in aggressive behavior by the manipulated 
member of a dominant-subordinate pa i r  could be a d i re c t  response to the 
manipulation or could be in response to changes in the level of  aggres­
sion exhib ited by i t s  non-manipulated pair-mate.  Because of the d a i l y  
v a r ia t io n  in baseline levels of aggression, a r e la t i v e  aggression score 
was calculated by subtracting the sum of  each behavior performed by the 
manipulated bird from the sum performed by i t s  pair-mate.  A decrease in 
the r e l a t i v e  aggression score fo r  any of the aggressive acts would i n d i ­
cate tha t  the treatment had caused a r e l a t i v e  increase in the performance 
of  tha t  behavior by the subordinate compared to the dominant, or a de­
crease in general a c t i v i t y  by both b irds .  Because DSPL is a subordinate 
behavior exhib ited in response to an aggressive act by another b i rd ,  an 
increase in the r e l a t i v e  aggression score would ind icate  that  the 
t rea ted  b i rd 's  pair-mate was being more subordinate.
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Some experimental conditions varied between experiments. These are 
presented below.
Experiment I
P r io r  to the commencement of the hormonal treatments i t  was necessary 
to id e n t i f y  the dominant and subordinate member of each p a i r .  Five pre­
treatment encounters were observed fo r  each pa ir  beginning January 11.
This marked the f i r s t  release from is o la t io n  fo r  each b ird  since i t s  
a r r iv a l  in  the laboratory .  The dominant pa ir  member was id e n t i f ie d  on 
the basis of a mean higher incidence of PECK ( re f le c te d  in a mean pos it ive  
r e la t i v e  aggression score) del ivered during these encounters. PECK was 
the most overt manifestation of aggression. In the case of two pairs  
(16,25 and 3 0 ,0 3 ) ,  where no bird performed PECK, dominance was assessed 
on the basis of a higher incidence of FLUFF. At the conclusion of these 
pre-experimental encounters pairs were randomly assigned to one of two 
groups, testosterone treatment (TEST, f i v e  pa irs )  or c o n t ro l -o i l  treatment 
(CONO, two p a i rs ) .
Two successive series of observations were made from January 18 
through February 18: from January 18 through February 4 ,  13 p a i r -
encounters were observed fo r  each b i rd ,  and from February 5 through 
February 13, 11 encounters were observed. All  observations were carr ied  
out as described previously.
Round-robin encounters were observed from February 19 through 
February 22. In these encounters each in jected b ird  (the o r ig ina l  sub­
ord inate)  was paired once with every other non-manipulated (dominant) 
bird  in i t s  group (TEST or CONO). Observations were conducted in the 
same manner as above except the birds were l e f t  together fo r  as long as 
was necessary to es tab l ish  a c le a r  dominant-subordinate re la t io n s h ip .
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Experiment I I
Four pre-treatment encounters were observed fo r  each pa ir  beginning 
March 4.  These birds had a l l  been maintained in visual is o la t io n  since 
e a r ly  September of the previous f a l l .  Because these birds exhib ited  
e i t h e r  low or zero frequencies of  PECK the dominant b i rd  of  each pa i r  was 
i d e n t i f i e d  on the basis of  a mean higher incidence of ADVANCE. Three 
pairs (12 ,26 ;  07,22; 17,15) exhib ited no ADVANCE and were assessed fo r  
dominance on the basis of FLUFF. Pairs were randomly assigned to e i th e r  
lu te in iz in g  hormone treatment (LH, f iv e  pa irs )  or c o n tro l -b u f fe r  
treatment (CONB, two pa irs )  groups a t  the conclusion of the 
pre-experimental observations.
Two successive series of nine observations each were made fo r  each 
p a i r ;  the f i r s t  series from March 10 through 20, and the second from 
March 21 through 31. A l l  observations were carr ied out as described 
above.
Round-robin encounters were observed on Apr i l  1 and 2 and followed 
the procedure described in Experiment I .
Experimental Treatment
Experiment I
From January 18 through February 23 each subordinate pa ir  member of  
the TEST group received d a i ly  in jec t ions  of testosterone propionate (TP, 
Sigma Chemical Company, L t d . )  in sesame o i l  veh ic le .  In ject ions  were 
made in to  the pectoral muscle, a l te rn a t in g  sides each day. A l l  birds 
were in jected  in random order and returned to t h e i r  home cages immediately 
p r io r  to the s t a r t  of  the observation periods. Dosage through February 4
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
was 1 .0  mg TP/0.2 ml o i l  ( t reatment 1 ) .  Beginning on February 5 the 
dosage was doubled to 2 .0  mg TP/0.2 ml o i l  (t reatment 2) fo r  the remainder 
of the experiment. Subordinates in the CONO group received a d a i l y  in ­
je c t io n  of 0.2  ml sesame o i l  throughout the experimental period. The 
dominant pa ir  members of these two groups were not manipulated.
Experiment I I
From March 10 through Apr i l  3 each subordinate in the LH group r e ­
ceived d a i l y  in ject ions  of ovine lu te in iz in g  hormone (NIAMDD-oLH-23,
2.3 p/mg) in phosphosaline bu f fe r  containing 1.0  mg/ml bovine serum 
albumin. In ject ions  were made subcutaneously a t  the back of the neck.
All  birds were in jected  in random order and returned to t h e i r  home cages 
immediately p r io r  to the s t a r t  of  the behavioral observations. Dosage 
through March 20 was 250 yg oLH in 0.2  ml bu f fe r  (t reatment 1 ) ;  a f t e r  
March 20 the dosage was doubled to 500 yg oLH in 0 .2  ml buffer  (treatment
2) fo r  the remainder of the experiment. Subordinates of the CONB group 
received 0 .2  ml of the prote in ized  b u f fe r  vehic le  throughout the exper i ­
ment. As in Experiment I the dominant members of these two groups were 
not manipulated.
A summary of  experimental treatment fo r  Experiments I and I I  is 
given in Table I .
Assay Procedure
Plasma testosterone was measured by a modif icat ion of the method 
described by Auletta e t  a l .  (1979).
A. Plasma E x tra c t io n . Approximately 1000 cpm ^H-testosterone in  
0.1  ml assay bu ffe r  (0 .15 M NaCl, 0 .1  M phosphate, pH 7 .4 ,  containing  
0.1% y -g lo b u l in )  was added to a 40 ml ex t ra c t ion  tube as an in terna l  
standard fo r  recovery est im at ion .  Two hundred to 400 yl volumes of plasma
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Table I .  Hormonal treatments performed during Experiments I and I I .  Abbreviations as follows: TP, 
testosterone propionate; CONO, c o n tro l -o i l ; oLH, ovine lutein iz ing hormone; CONB, control buffer.
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Pre-treatment Treatment 1 Treatment 2
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R -
Experiment I
CO
Day from f i r s t
i3
CD
injection - 5 - 0 1 - 18 19 -  37
"nc TEST - 1.0 mg TP/0.2 ml oi l/day 2.0 mg TP/0.2 ml o i l /day
3"
CD
CD
CONO - 0.2 ml oi l /day 0.2 ml o i l /day
■D
OQ. Number of injectionsC
a received by each bird 0 18 19
3
■D3 Experiment I I
1—H
CD Day from f i r s t
O .
(—H
in ject ion - 4 - 0 1 -  11 12 -  25
3 "
O LH - 250 n9 oLH/0.2 ml buffer/day 500 wg oLH/0.2 ml buffer/day
"o
3 CONB - 0.2 ml buffer/day 0.2 ml buffer/day
w
o'
3 Number of injections
received by each bird 0 11 14
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were pipetted into the ex trac t ion  tubes immediately a f t e r  thawing the 
plasma. The tubes were shaken gent ly  to ensure s o l u b i l i t y  of the t ra c e r  
androgen. Each sample was extracted vigorously with 4 .0  ml r e d i s t i l l e d  
anhydrous ether (Mai 1inkrodt ,  reagent grade) fo r  60 seconds. The two 
phases were separated by cen tr i fu ga t ion  a t  2000 g fo r  10 minutes and the 
organic layer  transferred into a clean tube. The ex trac t ion  was repeated 
with 4 .0  ml ether and c e n t r i fu g a t io n ,  and the organic layer  pooled with 
that  from the f i r s t  ex t rac t ion .  The ether was evaporated from the pooled 
extracts under ni trogen. The androgen sample was then concentrated by 
washing the walls  of the tube with 1.0 ml ether and again dried under 
nitrogen.
B. Column Chromatography. The separation of testosterone from the 
remaining neutral steroids was achieved by Sephadex LH-20 chromatography. 
B oros i l ica te  glass columns (8x180 mm) containing 800 mg of Sephadex LH-20 
(Pharmacia) in a s ta b i l i z e d  methanol-wetted bed were used (Quik-Sep LH-20 
column system. Iso lab ,  I n c . ) .  Porous polyethelene f i l t e r  discs were on 
both the top and the bottom of the bed and the top disc was removed p r io r  
to use. A f te r  draining the methanol the column was rinsed with a benzene: 
methanol solvent (85 :15 ,  both r e d i s t i l l e d  Baker reagent grade).  A f te r  a l l  
of  th is  solvent had passed through the column 8 ml of a heptanerbenzene: 
methanol solvent (9 0 :5 :5 ;  solvent I I ;  heptane. Baker reagent grade; methanol 
and benzene, r e d i s t i l l e d  Baker reagent grade) was added and allowed to 
saturate the Sephadex. A c i r c l e  of GF/A Whatman glass f ib e r  f i l t e r  paper 
was posit ioned a t  the top of  the Sephadex.
Two-tenths of a m i l l i l i t e r  o f  solvent I I  was added to the dried plasma 
e x tra c t  in the centr i fuge  tube. This tube was vortexed fo r  15 seconds and 
the so lut ion was applied to the f i l t e r  paper posit ioned a t  the top of  the
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Sephadex column. The procedure was repeated using another 0 .2  ml of  
solvent I I  and the column allowed to run dry.
E lut ion of the steroids was carr ied  out stepwise fo l lowing a c o l l e c t ­
ing pattern  determined from previous experimentation. Thirteen ml of  
solvent I I  were run through the column and discarded. This contained the 
dihydrotestosterone (DHT) f ra c t io n  and other neutral steroids (Au let ta  
e t  a l .  1979). Another 14 ml of solvent I I  applied to the column eluted  
the testosterone f r a c t io n .  This f ra c t io n  was dried under nitrogen.
C. Radioimmunoassay. The dried residue was redissolved in 2 .0  ml 
of 100% ethanol (Baker reagent grade).  A 500 y l  a l iq u o t  of  th is  solut ion  
was p ipetted into a counting v ia l  fo r  use in ca lcu la t ing  recovery. Dup l i ­
cate a l iquots  of 700 yl were pipetted into 10x75 mm disposable glass 
cu lture  tubes and dried under nitrogen. One hundred y l  of  assay bu ffe r  
was then added to each tube. Ant i - testosterone antibody (a n t i - tes tos te ron e  
Rb#9, obtained from Dr. John Resko, Oregon Regional Primate Research Center,  
Beaverton, Oregon) in 0.1 ml of  assay bu ffe r  (1:3000,  maximum d i lu t io n  a t
3
50% binding) and 20,000 cpm of  H-testosterone (94 Ci/mmole, Amersham) in 
0.1  ml assay bu ffe r  were added to each tube to bring the f in a l  volume to 
0 .3  m l.
For the standard curve dupl icate  tubes containing standard testosterone  
(Sigma Chemical Company, L t d . )  in 100 yl assay bu ffe r  through concentrations  
of 10 to 1000 pg were used. Antibody and ^H-testosterone were added as 
above.
In addit ion to the standard curve and samples four blank tubes were 
prepared in dup l ica te .  Blank B1 contained only 1.3 ml assay bu f fe r  and 
represented background counts due to the b u f fe r .  Blank B2 contained
3
1.2 ml assay bu f fe r  and 0.1  ml H-testosterone and represented the to ta l
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counts added to the assay system. Blank 83 contained 0.2  ml assay b u f fe r ,
3
0.1 ml H-testosterone, and 1 .0 ml charcoal,  and represented residual  
a c t i v i t y  not absorbed by the charcoal. Blank B4 contained 0.1 ml assay
3
b u f fe r ,  0.1  ml H-testosterone, 0.1 ml antibody, and 1 .0  ml charcoal and 
represented the to ta l  counts bound to the antibody.
A ll  tubes were vortexed fo r  15 seconds and incubated simultaneously  
at 4° C fo r  two to three hours. A suspension containing 1.25 mg charcoal 
N or i t  A and 0.125 mg Dextran T-70 (Pharmacia) in 1.0  ml assay bu ffe r  was 
added to each tube. The tubes were immediately vortexted fo r  5 seconds and 
reincubated a t  4° C fo r  15 minutes. They were then centr ifuged a t  2500 g 
fo r  10 minutes. The supernatant was decanted d i r e c t l y  into s c i n t i l l a t i o n  
v ia ls  and 5 ml of  s c i n t i l l a t i o n  f l u i d  (Beckman Ready-Solv EP) was added.
The v ia ls  were incubated overnight before counting to insure complete ex­
t ra c t io n  of  the ^H-steroid by the counting medium. They were counted fo r  
10 minutes each on a Beckman LS 7500 Liquid S c i n t i l l a t i o n  System with a 
counting e f f ic ie n c y  of 45% fo r  t r i t iu m .
D. S p e c i f i c i t y . S p e c i f i c i t y  of the an t i - tes tos terone  antibody Rb#9 
was determined by comparing c r o s s - r e a c t iv i ty  of 25 d i f f e r e n t  steroids in  
the radioimmunoassay system (J. Resko, data supplied with antibody ship­
ment). With a c t i v i t y  of  testosterone set a t  100% only DHT exhib ited s ig ­
n i f ic a n t  cross-react ion a t  67.2%. Androstenedione exhib ited 3.9% cross­
reac t ion ,  5a-androstan-17g-ol-3-one 3.3%, 5a-androstane-3,17-dione 1.7%, 
and 5g-androstane-3a,17g-diol 0.9%. A l l  other steroids exhib ited less 
than 0.5% c r o s s - r e a c t iv i ty  in th is  assay system.
E. S e n s i t i v i t y . Mean cpm in B3 was subtracted from the mean cpm in 
84 and divided by (mean cpm B2 -  mean cpm Bl)  to give percent antibody  
binding. Percent bound of plasma extracts  and standards were ca lcu lated
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according to the formula:
(cpm in standard curve or plasma e x t ra c t )  -  (cpm in B3)
(cpm 64) -  (cpm B3)
Standard curves were p lo t ted  as percent bound against the l o g i t  t ra n s fo r ­
mation of  ng testosterone using l in e a r  regression analys is .  The percent
3
H-testosterone bound in  the plasma sample tubes was read from the standard 
curve as ng of testosterone present.  A l l  testosterone values were adjusted 
fo r  recovery (Faden et  a l .  1975, Rodbard e t  a l .  1975). The c o e f f ic ie n t  of  
v a r ia t io n  at  each point of  the standard curve was less than 5% and the 
s e n s i t i v i t y  was 4 to 68 pg fo r  testosterone (see Fig. 1 ) .
F. Accuracy. Accuracy of the assay was assessed by adding 2 ng 
testosterone to a previously determined plasma sample (0 .2  ml male turkey  
plasma). The c o e f f ic ie n t  of v a r ia t io n  was 8.85% (see Table I I ) .  D i s t i l l e d  
water blanks were also taken through the e n t i re  e x trac t io n ,  chromatography,
3
and assay procedures; the percent H bound ranged from 92 to over 100 and 
the ng testosterone present was subtracted from the ng testosterone in the 
plasma samples where appropria te .
G. Recovery. Recoveries were ca lculated as percent a c t i v i t y  eluted
from the columns of to ta l  a c t i v i t y  added p r io r  to ex tract ion  with e ther .
The mean recovery fo r  testosterone was 56.5% ± 1.35 (Y ± SEM).
H. P rec is ion . Precision between assays was evaluated by duplicate
measurements of the same plasma pool ( turkey plasma + 2 ng testosterone/
0 .2  ml) with every assay. For the six  assays performed, the c o e f f ic ie n t  
of v a r ia t io n  between assays was 13.81%.
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Figure 1. Typical standard curve fo r  testosterone using a l o g i t  t r a n s f o r ­
mation of the data as described in the t e x t .  X = ng tes tos te rone ,
Y = to ta l  bound (%). ( ) ind ica te  95% confidence i n t e r v a l .
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Table I I .  Radioimmunoassay of  a Known 
Amount of Testosterone Added to Male 
Turkey Plasma.
Testosterone
added
( ng)
Plasma 
volume 
(ml )
Plasma level of  
testosterone*  
(ng)
2.0 0.2 2.73
2.0 0.2 2.80
2.0 0.2 2.64
2.0 0.2 2.28
*
Corrected fo r  recovery, uncorrected 
fo r  plasma endogenous le v e l .
Mean ± SD: 2.61 ± 0 .23 .
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M o r t a l i t y
Two testosterone in jected birds died during the course of  Experiment 
I ;  #11 on February 11 and #24 on February 18. Both birds were found dead 
in t h e i r  cages and the cause of death was unknown. One LH in jected b ird  
was found dead a t  the beginning of treatment 1 of Experiment I I  and was 
subsequently replaced by b i rd  #32. No serious in ju ry  was observed to 
r e s u l t  from the periods o f  p a i r  in te rac t ion s .
Post-Experimental Measurements
Blood samples were taken from each b ird  on the day following the la s t  
round-robin test ing  of each respective experiment. Sampling procedure was 
id en t ica l  to that  followed for  the f i r s t  blood samples taken. A fte r  
sampling was completed birds were sa cr i f iced  by asphyxia, weighed to the 
nearest gram, and frozen. They were l a t e r  thawed, weighed to determine 
i f  f re e z in g ,  s to r ing ,  and thawing had changed t h e i r  weight, and t h e i r  
testes dissected and weighed to the nearest mil l igram.
S t a t i s t i c s
Results are reported as s ig n i f ic a n t  when p ^  0 .05 .  Behavioral data 
were analyzed with the non-parametric on e- ta i led  Mann-Whitney U te s t  
unless otherwise s ta ted .  Morphological and physiological data were 
analyzed with tw o - ta i led  t - t e s t s .
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RESULTS
Behavioral Results
V a r i a b i l i t y  among the pairs was found to be s ig n i f ic a n t  in both 
Experiment I and Experiment I I  fo r  six of the seven agonistic  behaviors 
exhib ited:  Ml, FLUFF, ADVANCE, PECK, and DSPL in Experiment I ;  KICK,
FLUFF, ADVANCE, and PECK in Experiment I I  (Appendix A, Figs. 1 -9 ,  Kruskal-  
Wall is  one-way analysis  of  variance, p _< 0 .0 1 ) .  Because of th is  v a r i ­
a b i l i t y  these results  could not be lumped, and each pa ir  was analyzed 
separate ly .  In the fo l lowing p a i r  designations the f i r s t  number refers  
to the hormone or control in jected (subordinate) bird and the second to 
the non-manipulated (dominant) b i rd .
Experiment I
TEST group. P a ir  02,08 exhibited a s ig n i f ic a n t  decrease in r e la t i v e  
aggression score fo r  FLY (p = 0 .02)  and a s ig n i f ic a n t  increase in score 
fo r  DSPL (p = 0 .05)  between treatments 1 and 2. Between pre-treatment  
and treatment 2 a s ig n i f ic a n t  Increase in score was noted fo r  PECK 
(p = 0 .04)  resu l t ing  from a large increase in the frequency of th is  
behavior by the untreated animal during treatment 2.
A s ig n i f ic a n t  decrease in r e l a t i v e  aggression score fo r  pa ir  11,31 
occurred between treatments 1 and 2 fo r  ADVANCE (p = 0 .01)  and a s i g n i f i ­
cant increase occurred fo r  DSPL (p = 0 .01)  between the same treatment  
in te r v a ls .  The r e l a t i v e  aggression scores increased s ig n i f i c a n t ly  fo r  
ADVANCE (p = 0.004)  between pre-treatment and treatment 1, and fo r  FLUFF 
(p = 0 .04 )  between treatments 1 and 2.
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There were no changes in any of the scores between any of the 
treatment in te rva ls  fo r  pa ir  16,25. This pa ir  cons is ten t ly  exhib ited  
extremely low levels  of  a c t i v i t y .
Pa ir  24,04 exhib ited a s ig n i f ic a n t  decrease in r e la t i v e  aggression 
score between pre-treatment and treatment 2 fo r  FLUFF (p = 0 .0 3 ) .  A 
s ig n i f ic a n t  increase in score was noted fo r  FLY between treatments 1 
and 2 (p = 0 .0 2 ) .
The r e l a t i v e  aggression score decreased s i g n i f i c a n t ly  fo r  pa ir  
29,18 between pre-treatment and treatment 1 fo r  MT (p = 0 .0 5 ) .  S i g n i f i ­
cant decreases were also found between pre-treatment and treatment 2 for  
FLUFF (p = 0 .02)  and PECK (p = 0 .0 4 ) ,  and between treatments 1 and 2 fo r  
FLUFF (p = 0 .0 1 ) .  Between pre-treatment and treatment 1 the r e la t i v e  
aggression score fo r  FLUFF increased s i g n i f i c a n t ly  (p = 0 .0 4 ) .  The 
changes in r e la t i v e  aggression scores fo r  the pairs of  the TEST group are 
summarized in Table I I I .
CONG group. Pair  14,13 exhib ited s ig n i f ic a n t  decreases in r e la t iv e  
aggression scores between pre-treatment and both treatments 1 and 2 fo r  
FLUFF (p ^  0 .0 4 ) .  Between treatments 1 and 2 the score fo r  PECK was also  
s i g n i f i c a n t ly  decreased (p = 0 .0 4 ) .  S ig n i f ic a n t  increases in scores 
occurred fo r  MT between pre-treatment and both treatments 1 and 2 
(p < 0 .0 5 ) .
Pair  30,03 also showed s ig n i f ic a n t  decreases in scores between pre­
treatment and both treatments 1 and 2 fo r  FLUFF (p = 0 .0 1 ) .  An increase 
in score was s ig n i f ic a n t  between treatments 1 and 2 fo r  ADVANCE 
(p = 0 .0 4 ) .  The changes in r e l a t i v e  aggression scores fo r  the pairs of  
the CONO group are summarized in Table IV.
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Table I I I .  Change in agonistic  behavior between treatment in te rva ls  
(p re - t rea tm ent ,  treatment 1 and treatment 2) fo r  each pa i r  in the 
TEST group. Change is noted as increase ( + ) ,  decrease ( - ) ,  or no 
change (0 )  in r e la t i v e  aggression score (see t e x t ) .
Behavior
Pair
Treatment
in terva l FLY MT KICK FLUFF ADVANCE PECK DSPL
02,08 pre -  1 0 0 0 0 0 0 0
pre -  2 0 0 0 0 0 + 0
1 -  2 - 0 0 0 0 0 +
11,31 pre -  1 0 0 0 0 + 0 0
pre -  2 0 0 0 0 0 0 0
1 -  2 0 0 0 + - 0 +
16,25 pre -  1 0 0 0 0 0 0 0
pre -  2 0 0 0 0 0 0 0
1 - 2 0 0 0 0 0 0 0
24,04 pre -  1 0 0 0 0 0 0 0
pre -  2 0 0 0 — 0 0 0
1 -  2 + 0 0 0 0 0 0
29,18 pre -  1 0 - 0 + 0 0 0
pre -  2 0 0 0 - 0 - 0
1 -  2 0 0 0 - 0 0 0
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Table IV. Change in agonist ic  behavior between treatment in te rva ls  
(p re - treatm ent,  treatment 1 and treatment 2) fo r  each pa ir  in the CONO 
group. Change is noted as increase ( + ) ,  decrease ( - ) ,  or no 
change (0)  in r e la t i v e  aggression score (see t e x t ) .
Behavior
Pair
Treatment
in terva l FLY MT KICK FLUFF ADVANCE PECK DSPL
14,13 pre -  1 0 + 0 - 0 0 0
pre -  2 0 + 0 0 0 0
1 -  2 0 0 0 0 0 0
30,03 pre -  1 0 0 0 - 0 0 0
pre -  2 0 0 0 - 0 0 0
1 -  2 0 0 0 0 + 0 0
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The outcomes of  the round-robin pair ings were inconsistent .  When 
bird  02 (the o r i g i n a l l y  id e n t i f i e d  subordinate in jected with testosterone)  
was paired with a l l  other o r ig ina l  dominants in the TEST group (4 others 
excluding i t s  pa ir -mate,  08) i t  was determined to be subordinate in a l l  
encounters. Subordinate 16 remained subordinate when paired with b i rd  04 
and b ird  31, but emerged dominant when paired with b i rd  08 and bird 18. 
Bird 29 was dominant when paired with bird 25, but died before test ing  
with the remaining dominants could be completed. Subordinates 24 and 11 
also died p r io r  to round-robin te s t in g .  In the CONO group subordinate 14 
dominated the non-manipulated 03, while subordinate 30 remained so when 
paired with non-manipulated 13.
Experiment I I
LH group. Pair  06,20 exhib ited a s ig n i f ic a n t  decrease in r e la t i v e  
aggression score only between pre-treatment and treatment 1 fo r  FLUFF 
(p = 0 .0 5 ) .  Between treatments 1 and 2 the r e la t i v e  aggression score fo r  
FLUFF increased s i g n i f i c a n t ly  (p = 0 .05)
The scores fo r  pa i r  10,01 increased s ig n i f i c a n t ly  fo r  FLUFF between
pre-treatment and both treatments 1 and 2 (p < 0 .005 ) .
Pa ir  12,26 also exhib ited only increases in r e la t i v e  aggression 
scores; between pre-treatment and treatment 2,  and between treatments 1
and 2 fo r  ADVANCE (p ^  0 . 0 4 ) ,  and between treatments 1 and 2 fo r  FLUFF
(p = 0 .0 1 ) .
A s ig n i f ic a n t  decrease in r e l a t i v e  aggression score fo r  p a i r  23,28  
was noted fo r  KICK between treatments 1 and 2 (p = 0 .0 3 ) .  A s ig n i f ic a n t  
increase fo r  DSPL (p = 0 .01)  also occurred between treatments 1 and 2. 
Between both pre-treatment and treatment 2, and treatments 1 and 2 
s ig n i f ic a n t  increases in scores fo r  FLUFF occurred (p _< 0 .0 3 ) .
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R ela t ive  aggression scores decreased s ig n i f i c a n t ly  fo r  pa ir  32,27  
between treatments 1 and 2 fo r  both ADVANCE (p = 0.005) and PECK 
(p < 0 .0 0 5 ) .  A decreased score fo r  PECK was also s ig n i f ic a n t  between 
pre-treatment and treatment 2 (p = 0 .0 1 ) .  S ig n i f ic a n t  increases in scores 
were noted fo r  both ADVANCE (p = 0 .05)  and FLUFF (p = 0 .02)  between pre­
treatment and treatment 1, and fo r  FLUFF between pre-treatment and 
treatment 2 (p = 0 .0 1 ) .  The changes in r e la t i v e  aggression scores fo r  
the pairs of the LH group are summarized in Table V.
CONB group. Pair  07,22 exhib ited no s ig n i f ic a n t  changes in r e la t i v e  
aggression scores fo r  any of the behaviors between any treatment in te rv a ls .
Pa ir  17,15 exhib ited only increases in scores between treatments 1 
and 2 fo r  both PECK (p = 0 .02)  and FLUFF (p = 0 .0 1 ) .  The changes in 
r e la t i v e  aggression scores fo r  the pairs of  the CONB group are summarized 
in Table V I .
Round-robin tes t ing  in th is  experiment, too, gave inconsistent  
re s u l ts .  In th is  instance, however, each o r ig ina l  subordinant could be 
tested with every other o r ig in a l  dominant. LH in jected  b ird  06 emerged 
dominant only when paired with b i rd  26; i t  remained subordinate in p a i r ­
ings with birds 01, 27, and 28. Both birds 10 and 12 remained subordinate 
in a l l  pair ings with the non-manipulated birds of the LH group. Bird 23 
was the dominant member when paired with b ird 20, but remained subordinate 
with birds 01, 26, and 27. LH in jected bird 32 exhib ited high leve ls  of  
a c t i v i t y  throughout the experimental period and was the dominant pa ir  
member when tested with birds 01, 20, and 26. I t  remained subordinate 
only to b i rd  28.
In the CONB group both bu f fe r  in jected  birds (07 and 17) remained 
subordinate when tested with the non-manipulated birds of th is  group.
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Table V. Change in agonist ic  behavior between treatment in te rv a ls  
(p re - treatm ent,  treatment 1 and treatment 2) fo r  each p a i r  in the 
LH group. Change is noted as increase ( + ) ,  decrease ( - ) ,  or no 
change (0 )  in r e l a t i v e  aggression score (see t e x t ) .
Behavior
Pai r
Treatment
in terva l FLY MT KICK FLUFF ADVANCE PECK DSPL
06,20 pre -  1 0 0 0 - 0 0 0
pre -  2 0 0 0 0 0 0 0
1 -  2 0 0 0 + 0 0 0
10,01 pre -  1 0 0 0 + 0 0 0
pre -  2 0 0 0 + 0 0 0
1 -  2 0 0 0 0 0 0 0
12.26 pre -  1 0 0 0 0 0 0 0
pre -  2 0 0 0 0 + 0 0
1 -  2 0 0 0 + + 0 0
23.28 pre -  1 0 0 0 0 0 0 0
pre -  2 0 0 0 + 0 0 0
1 -  2 0 0 + 0 0 +
32.27 pre -  1 0 0 0 + + 0 0
pre -  2 0 0 0 + 0 - 0
1 -  2 0 0 0 0 - - 0
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Table V I .  Change in agonist ic  behavior between treatment in te rva ls  
(p re - treatm ent,  treatment 1 and treatment 2) fo r  each pa ir  in  the 
CONB group. Change is noted as increase ( + ) ,  decrease ( - ) ,  or no 
change (0 )  in r e la t i v e  aggression score (see t e x t ) .
Behavior
Pa ir
Treatment
in terva l FLY MT KICK FLUFF ADVANCE PECK DSPL
07,22 pre -  1 0 0 0 0 0 0 0
pre -  2 0 0 0 0 0 0 0
1 -  2 0 0 0 0 0 0 0
17,15 pre -  1 0 0 0 0 0 0 0
pre -  2 0 0 0 0 0 0 0
1 -  2 0 0 0 + 0 + 0
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Morphological and Physiological  Results
No body weight d i f ference  could be found between the in jected and 
non-injected birds of  any group fo r  e i t h e r  Experiment I or Experiment I I  
(p > 0 .2 0 ) .  Nor did the in jected birds of the hormone treated group 
d i f f e r  from the in jec ted  birds of the control group fo r  e i th e r  experiment 
(p > 0 .15)  (see Table V I I ) .
Testosterone st imulated the growth of the t e s t is  as shown by the 
s i g n i f i c a n t ly  higher t e s t is  weights of the testosterone in jected birds  
over t h e i r  non-injected pair-mates (p = 0 .0 3 ) .  The te s t is  weights of  
the testosterone in jected  birds were also s i g n i f i c a n t ly  higher than both 
the o i l  and non-injected birds o f  the CONO group (p < 0 .0 5 ) .  These re ­
sults  are inconsistent with the in h ib i t io n  of t e s t is  growth in testosterone  
t rea ted  birds reported in ducks (Deviche and Balthazart  1976a, Balthazart  
and Hendrick 1979), and quail  (Sachs 1969). As expected, LH administra­
t ion  also st imulated an increase in te s t is  weight. The mean te s t is  weight 
of the LH in jected birds were s i g n i f i c a n t ly  higher than t h e i r  non-injectd  
pair-mates and both the bu f fe r  and non-injected birds of the CONB group 
(p < 0 .0 5 ) .  No s ig n i f ic a n t  d i f ference  was found between any of the 
control in jected birds and t h e i r  pair-mates (p > 0 .50)  (see Table V I I ) .
Plasma testosterone leve ls  determined fo r  those blood samples taken 
p r io r  to hormone admin istra t ion evidenced no s ig n i f ic a n t  d i f ference  among 
any of  the birds fo r  e i t h e r  Experiment I or Experiment I I  (p 2  0 .5 0 ) .  A 
comparison of the pre-treatment samples with the samples taken a t  the ends 
of the respective experiments showed a dramatic increase in plasma 
testosterone level fo r  the testosterone in jected birds (p = 0 .0 3 ,  t - t e s t  
fo r  re la ted  samples). No s ig n i f ic a n t  d i f ferences between pre-treatment
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Table V I I .  Effects of exogenous testosterone propionate and lutein iz ing hormone on the body weight (measured 
at the end of the experiment), the combined test is  weight, and the plasma level of testosterone in f i rs t -y e a r  
male star l ings.  Mean and standard deviation are given in each cell of the table. TEST, testosterone group; 
CONB, control-buffer  group; LH, lu tein iz ing hormone group; CONB, control-buffer group.
o X and SD
C Û
3"
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3
CD
"n
c
3.
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CD
CD
TEST CONO LH CONB
Not
Injected injected
Not
Injected injected Injected
Not
injected
Not
Injected injecte<
■D
O
Q.
C Body weight (g) 73.87 69.26 73.45 73.55 73.50 76.30 80.30 76.25
S-o"
3 ±3.88 ±6.97 ±3.04 ±3.04 ±5.33 ±5,65 ±1.84 ±2.62
"O
o
3 "
Testicular weight (mg) 288.70 8.58 4.95 12.15 102.22 4.70 4.40 5.30
CT
1—H
CD ±342.90 ±6.96 ±0.35 ±8.98 ±79.87 ±1.50 ±0.85 ±1.84
$ Testosterone (ng/ml 0.46 0.33 0.38 0.61 0.24 0.50 0.53 0.53
3 "
O prior  to treatment ±0.47 ±0.22 ±0.20 ±0.37 ±0.13 ±0.25 ±0.30 ±0.27
"O
CD
q Testosterone (ng/ml) 42.91 1.04 0.52 2.45 0.24 0.64 0.58 0.443
(/)'
C/)
following treatment ±12.49 ±1.23 ±0.26 ±2.81 ±0.17 ±0.68 ±0.11 ±0.11
ro
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and post- treatment plasma testosterone levels were found fo r  any of the 
other b i rd s ,  in jected or not in jected  (p ^  0 .33 )  (see Table V I I ) .  The 
increased testosterone levels  shown by the testosterone in jected birds  
(42.91 ng/ml) were well above the physiological range; the maximum levels  
observed in adult  male s ta r l in g s  November through June is 0.3  ng/ml 
(Temple 1974).
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DISCUSSION
Male s ta r l ing s  tha t  have completed t h e i r  f i r s t  summer molt fo l lowing  
hatching in la te  Apr i l  or e a r ly  May are designated f i r s t - y e a r  or sub-adult  
males u n t i l  the second summer molt has been completed. The summer molt is 
usual ly  completed by mid-September. The birds w i l l  not breed u n t i l  Apri l  
of t h e i r  second year o f  l i f e  ( f i r s t  year as an ad u l t )  when the te s t is  is 
s u f f i c i e n t l y  matured and spermatogenesis occurs. The morphology and 
physiology of the s t a r l in g  te s t is  is described in d e ta i l  by Bui lough 
(1942) .  From September through January the te s t is  volume of the f i r s t -  
year male remains a t  a minimal level s l i g h t l y  less than the volume 
measured during the summer fo l lowing hatching. This reduced volume is 
due to a decrease in the diameter of the seminiferous tubules accompanied 
by a decrease in the number of germ c e l l s .  At the beginning of  February 
t e s t is  size increases due to a sudden burst of m ito t ic  d iv is ion  of  the 
spermatogonia and the appearance of primary spermatocytes. This increase 
continues through March and is accompanied by the growth of accessory 
sexual organs. By Apri l  the t e s t is  has reached i t s  maximum s ize .  No 
secondary spermatocytes and few i n t e r s t i t i a l  c e l ls  are present. The t e s t is  
volume decreases rap id ly  in May and again reaches a minimum June through 
August. In October and November of the adult  year te s t is  growth again 
occurs and by February i n t e r s t i t i a l  c e l ls  are common and primary and 
secondary spermatocytes occur. By the end of February spermatids and 
spermatozoa are present. The peak t e s t is  volume is  achieved in Apr i l  when 
act ive  spermatogenesis is occurring. Spermatogenetic a c t i v i t y  slows in 
May and has ceased by the end of  the breeding season in June. A l l  meiot ic  
stages associated with the cycle decrease in abundance and the te s t is  
volume decreases ra p id ly  to a low in August.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
30
S ta r l in g  t e s t is  s ize increases in response to proper photostimula­
t io n  (Burger 1953, Bissonnette and Wadlund 1931), This increase resu lts  
from an increase in seminiferous tubule diameters and germ c e l l  d i f f e r ­
e n t ia t io n  which correspond temporal ly with the vernal lengthening of  the 
d a i ly  photoperiod (Temple 1974).  Plasma levels of testosterone show the 
same correspondence. This i n i t i a t i o n  of  gonadal development is the re s u l t  
of a d i re c t  photoperiodic drive on the hypothalamo-pit u i t a ry axis ( F o l l e t  
and Robinson 1980, F o l l e t t  1981, F o l l e t t  e t  a l .  1981). Once a c r i t i c a l  
daylength is exceeded, c i rc u la t in g  levels of f o l l i c l e  st imulating hormone 
(FSH) and LH r ise  ra p id ly .  The increased LH level induces d i f f e r e n t ia t io n  
of f ib ro b la s ts  into testosterone-producing Leydig c e l ls  and a rapid r ise  
in testosterone secretion is soon evident (N ichol ls  and Graham 1972,
Maung and F o l l e t t  1978). The testosterone, in conjunction with FSH, 
stimulates t e s t i c u la r  growth (Brown and F o l l e t t  1977), probably through 
in te rac t io n  on the S e r to l i  ce l l  (Tsutsui and Is h i i  1980). The net re s u l t  
is an increase in the m i to t ic  ra te  in the spermatogenetic t issue .  Sex 
stero id  feedback then begins and testosterone, through i t s  5a-reduced 
metabol i tes ,  acts on the hypothalamus and p i t u i t a r y  gland to check the 
secretion of LH (B a l thazar t  e t  a l .  1979). I t  has been recent ly  suggested 
that  a d i re c t  photoperiodic dr ive on the hypothalamus (shortening days) 
is more important than testosterone feedback in th is  respect (Goodman and 
Karsch 1981). Mainta ining a b ird  on short days (8L:16D) depresses these 
responses and plasma FSH, LH, and testosterone le v e ls ,  along with t e s t is  
weight, remain a t  a minimum ( F o l l e t t  and Maung 1978).
F i rs t -y e a r  male s ta r l in g s  in the f a l l  would, th ere fo re ,  be expected 
to have very low endogenous levels  of testosterone. Maintaining these 
birds on short days should prevent the s t imulat ion  of  both LH and
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testosterone (and thereby t e s t is  s ize )  that  wuold normally occur in w in ter  
and spring. The low weight and darkly pigmented appearance of the testes  
of each control and non-injected b ird  indicated tha t  th is  had occurred.
The lack of  s ig n i f ic a n t  d i f ferences in plasma testosterone levels  of  these 
same birds between the blood samples taken in e a r ly  w in ter  and those taken 
a t  the end of the experiments is fu r the r  confirmation of low levels of  
endogenous testosterone (but not necessari ly  LH, see below).
The increase in t e s t i s  weight in the testosterone in jected s ta r l ing s  
is in contrast to observations in ducklings (Deviche and Balthazart  1976a, 
Balthazart  and Hendrick 1979) and house sparrows ( Passer domesticus.
Lofts e t  a l .  1973) in which no change or a s l ig h t  reduction in te s t is  
size was reported. I t  has been shown, however, tha t  very high doses of  
testosterone can st imulate or maintain a normal sperm production and 
t e s t is  growth by acting d i r e c t l y  on the te s t is  despite the negative feed­
back exerted on gonadotrophin release by the p i t u i t a r y  (Brown and F o l l e t t  
1977). In those experiments in which no increase in te s t is  size or even 
a s l i g h t l y  in h ib i to r y  e f f e c t  of  testosterone was shown, the dose of  
testosterone administered was considered i n s u f f i c i e n t l y  "high" to exert  
d i re c t  action on the t e s t i s .  In the present experiment the dose was 
apparently  high enough to do so.
As expected, LH exerted a st imulatory e f fe c t  on t e s t is  growth. LH 
stimulates d i f f e r e n t i a t i o n  of Leydig c e l ls  (Maung and F o l l e t t  1977) and 
i t  is also a c t ive  in the development o f  the S e r to l i  ce l ls  and spermato­
genesis (Farner and F o l l e t t  1979). This increase also indicates that  the 
LH receptor in avian Leydig c e l ls  detects and responds to mammalian LH.
The lack of  e f f e c t  of  LH on plasma testosterone levels was unexpected 
because maturation o f  the germinal epithelium of the t e s t is  by
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gonadotrophins without simultaneous action of testosterone contradicts  
recent theories on the hormonal control of  spermatogenesis (Desjardins  
and Turek 1977). Furthermore, i t  has been demonstrated that  LH stimu­
lates c y c l ic  AMP and testosterone production from isolated Leydig ce l ls  
extracted from Japanese quail  t e s t is  (Maung and F o l l e t t  1977). A d i re c t  
p a ra l le l  to the s i tu a t io n  reported fo r  the present experiment occurred 
in male ducklings (B a l thazar t  and Hendrick 1979). The germinative  
epithelium responded to LH while the Leydig c e l ls  did not. These authors 
postulated that  e i t h e r  repeated st imulat ion with large doses of LH ex­
hausted the Leydig c e l ls  or tha t  Leydig c e l ls  in ju v e n i le  te s t is  are not 
responsive to p i t u i t a r y  s t im u la t ion .  Leydig c e l ls  can f a i l  completely to 
respond to LH st imulat ion:  in quail implanted with testosterone pro­
pionate the production and/or release of testosterone from the te s t is  
was completely blocked, even when the t e s t is  was incubated in v i t ro  in 
the presence of  LH (Desjardins and Turek 1977). An increase of plasma 
LH by treatment with exogenous gonadotrophin has a marked negative e f fe c t  
on LH receptors. This e f f e c t  resu lts  from a combination of receptor loss 
and enzymatic defect a t t r ib u t a b le  to the local in h ib i to r y  e f fec ts  of 
steroids (such as estrogens) th a t  are formed during the acute t e s t i c u la r
response to gonadotrophins (Dufau e t  a l .  1979). I t  was previously  noted
that i n t e r s t i t i a l  (Leydig) c e l ls  are rare even a t  the time of maximum 
t e s t is  volume in f i r s t - y e a r  s ta r l in g s .  Coupled with the possible unre­
sponsiveness of those c e l ls  present in f i r s t - y e a r  males, th is  would expla in  
the lack o f  increase in plasma testosterone levels in LH-treated subjects.  
This lack of  e f f e c t  of  LH on plasma testosterone level in sp ite  of the 
increase in t e s t is  s ize noted fo r  the same birds supports the suggestion
that the exocrine and endocrine parts of the t e s t i s  should be examined
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separate ly  in sexually immature birds (B a l thazar t  and Hendrick 1979). 
Histo log ica l  inves t iga t ion  of the f i r s t - y e a r  t e s t i s  followng gonadotrophin 
treatment would give more information on th is  po int .  I t  would also be 
in te re s t in g  to monitor plasma testosterone levels  in these birds to see 
i f  a seasonal increase does occur in t h e i r  f i r s t  year.
No re la t ionships were established between e i t h e r  testosterone or LH 
in jec t ions  and male aggressive behavior. The few s ig n i f ic a n t  changes in  
r e l a t i v e  aggression scores noted between treatment in te rv a ls  were highly  
va r iab le  among the p a irs ,  and no one behavior was consistent ly  increased 
or decreased fo r  any member of the TEST, LH, or CONB group. In the CONO 
group the subordinate p a i r  members exhib ited a s ig n i f i c a n t ly  higher number 
of FLUFFS, but i t  was d i f f i c u l t  to determine i f  th is  behavior was always 
performed in  an agonist ic  context.  No c lear  d i f ferences existed between 
the pairs o f  the hormone in jected groups and the pairs of  t h e i r  respective  
control groups. In no case did the o r ig in a l  subordinate become the dominant 
pa ir  member.
Re la t ive  aggression scores were considered a va l id  measure of be­
havioral a c t i v i t y  because th is  score consis tent ly  monitored the actual  
dif ferences  in agonistic  behavior between pair -mates; a low absolute score 
always re f le c te d  low levels  of a c t i v i t y  by each pa ir  member, while  a 
higher absolute score indicated a higher level of a c t i v i t y  on the part  of  
one b ird  or  the o ther .  From th is  i t  can be seen tha t  the occurrence of  
PECK in the TEST group decreased over time fo r  the most act ive  p a i rs ,  as 
did ADVANCE in the LH group. This could occur once the dominant-subordinate 
re la t io n s h ip  had been established: overt forms of aggression such as PECK
and ADVANCE by the dominant would not be necessary to re in force the 
re la t io n sh ip  and less conspicuous signals would s u f f ic e .  In three of  the
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behaviors where s ign if icance  did occur -  FLY, MT, and KICK -  levels  of  
a c t i v i t y  were so low that  s t a t i s t i c a l  s ign if icance may be b io lo g ic a l ly  
meaningless.
The fa c t  that  no subordinate became dominant could be explained as 
fo l lows: 1) the re su l t  of  the f i r s t  f ig h t  with an opponent is c o inc i ­
dental and the memory of that  opponent determines the outcome of the 
next f i g h t  with that  same opponent, or 2) the re s u l t  of  the f i r s t  f ig h t  
is due to a d i f ference  in the in te n s i ty  of aggressiveness predetermined 
by an unknown fa c to r ,  or fa c to rs ,  in t r i n s ic  to each individual (Tsutsui  
and I s h i i  1981). I f  the outcome is coincidental the re s u l t  of the round- 
robin pair ings should occur with equal p r o b a b i l i t i e s .  In the m a jo r i ty  of 
cases the o r i g i n a l l y  dominant b i rd  remained dominant. In those cases 
where the subordinate emerged dominant each subordinate had exhib ited  
cons is ten t ly  higher levels  of  aggressive behavior than the dominant with  
which i t  was being tested.  In every case the birds which displayed the 
greater  number of aggressive acts throughout the experimental period  
were the dominant birds in the round-robin t r i a l s .
The lack of e f fe c t  of testosterone on st imulat ing aggressive behaviors 
agrees with o ther  findings in in ta c t  birds but not with experiments on 
castrated birds (Sel inger  and Bermant 1967, Arnold 1975, Leshner 1978, 
Deviche 1979, Moss et  a l .  1979). This discrepancy has led to the hypothesis 
tha t  in in ta c t  birds endogenous levels  of androgen are s u f f ic ie n t  to main­
ta in  aggressive behavior to maximal or sub-maximal levels  and increasing  
exper imenta l ly  the androgen level hardly  brings any fu r th e r  increase in 
behavioral responses while  deplet ing them through castra t ion  lowers 
aggression (Deviche 1979). The fa c t  that  aggressive behavior is restored
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in castrates with testosterone in je c t io n  indicates that  androgen is 
necessary fo r  the induction of aggressive behavior.
The lack of e f f e c t  could also be explained in other ways:
1) Appropriate releasing s t imul i  were absent. In these experiments, 
however, a l l  pairs engaged in some form of aggressive in teract ions whether 
at  low or high le v e ls .
2) The treatment with testosterone was inadequate with respect to 
dose or duration.  Treatment elevated plasma testosterone levels of the 
s ta r l in g s  well above those found in adult  males a t  the peak of  t h e i r  
aggressive a c t i v i t y ,  so dosage was s u f f i c ie n t .  The decrease in general 
a c t i v i t y  over time makes i t  u n l ik e ly  tha t  a longer in je c t io n  period would 
a l t e r  the re su l ts .
3) Another hormone, probably one of the gonadotrophins, controls  
the expression of  aggressive behaviors (Davis 1957, Mathewson 1961, Crook 
and B u t te r f ie ld  1968).
The f a i l u r e  of LH to a f f e c t  the aggressive behavior of  the birds in 
th is  experiment c o n f l ic ts  with reports in which gonadotrophins stimulated  
aggressiveness (LH: Davis 1957, Mathewson 1961, Crook and B u t te r f ie ld
1968).  This lack of e f f e c t  was reported fo r  HCG and PMS in young ducklings 
(Deviche and Balthazart  1976a). This lack of e f fe c t  fo r  a l l  of  these 
gonadotrophins could be the re s u l t  of  any of  the fo l lowing:
1) As noted fo r  the lack of  e f f e c t  of  testosterone in a f fec t in g  
aggressive behaviors,  the external s t imuli  needed to induce the behavior  
under study could be in s u f f i c i e n t .  In the LH in jected  s t a r l in g s ,  however, 
aggressive in terac t ions  did occur.
2) Plasma leve ls  of  gonadotrophins could have been i n s u f f i c i e n t l y  
raised fo r  a period long enough fo r  behavioral responses to occur. In the
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s t a r l in g  experiment observations were continued fo r  three weeks fo l lowing  
the f i r s t  administrat ion of LH. General a c t i v i t y  decreased over time in 
a manner s im i la r  to the TP in jected b i rd s ,  making i t  u n l ik e ly  tha t  a 
longer in je c t io n  period would a l t e r  the resu l ts .  Experiments would 
have to be carr ied  out over a longer in te rva l  to determine i f  a change in 
behavioral response occurs with extended treatment with LH. I t  is also 
possible th a t  the repeated in ject ions  of  LH immunized the birds against  
the hormonal preparation.
3) The nervous mechanism involved in the action of gonadotrophins 
was not ye t  mature. In studies in which a pos it ive  e f fe c t  of  gonado­
trophin on sexual a c t i v i t y  (LH: Balthazart  1976) and on social a c t i v i t i e s
(PMS or HCG: Balthazart  and Deviche 1976) was found no increase in plasma
testosterone levels  occurred. This suggests that  the gonadotrophins were 
acting d i r e c t l y  on the central  nervous system. I t  has been shown that  
maturation of the neural substrates responsible fo r  many behaviors is
not completed a t  b i r th  and continues fo r  some time (Denenberg 1972). In
the present study f i r s t - y e a r  birds were used and i t  is possible that  
in jec t ions  were performed before the central  nervous system was 
s u f f i c i e n t l y  matured. Experimentation on adult  birds would address th is  
p o s s i b i l i t y .
4) Neural receptors in the avian brain may not respond to mammalian 
LH. The increase in s t a r l in g  t e s t is  size noted previously  indicates that  
such receptors are present in the t e s t i s .
5) A synerg is t ic  e f f e c t  of  testosterone with gonadotrophins may be 
necessary before behavioral responses occur. In the present experiment 
such an e f f e c t  is not present as evidenced by the low plasma testosterone  
levels  o f  the LH in jec ted  b irds .
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Observations on b i l l  pigmentation in th is  experiment address the 
p o s s i b i l i t i e s  of lack of nervous system maturation or lack of receptors  
to mammalian gonadotrophin. Testosterone has been c i ted  as the hormone 
responsible fo r  the development of  secondary sexual ch arac te r is t ics  and 
accesory sexual organs in male birds (Witschi 1961). In s ta r l ings  i t  
was found tha t  the seasonal change in b i l l  color from black to yellow  
was a response to testosterone (Witschi and M i l l e r  1938) and tha t  2-7 
weeks were needed fo r  acomplete change from black to yel low. Castrated 
s ta r l in g s  with a l l  yellow b i l l s  responded with a darkening of the b i l l  
in 2-3 weeks while castrates with a l l  black b i l l s  required the same 2-3  
weeks to respond to testosterone treatment with yellowing of the b i l l  
(Kessel 1951).  B i l l  color would be expected to respond to changes in 
plasma testosterone t i t e r s  with a lag of several weeks. Further exper i ­
mentation comparing plasma testosterone to changes in b i l l  co lorat ion  
showed tha t  b i l l  color in the s ta r l in g  began to darken two weeks a f t e r  
testosterone levels  dropped below 1.75 ng/10 ml. When testosterone levels  
surpassed th is  level yellowing of the b i l l  occurred with the same two 
week lag period. Testosterone levels  remained high and b i l l  color remained 
yellow throughout the breeding season (Temple 1974).
The present study does not confirm th is  re la t io n sh ip .  None of  the 
testosterone in jected  birds evidenced any such change in b i l l  co lorat ion  
even a f t e r  f i v e  weeks of hormone admin istrat ion when plasma testosterone  
leve ls  were elevated well above the physiological range. The birds that  
received the LH evidenced yellowing of  the b i l l  2-3 weeks fo l lowing the 
f i r s t  in je c t io n .  Since these birds had plasma testosterone levels that  
were not s i g n i f i c a n t l y  d i f f e r e n t  from the levels  in the control and 
non-in jected birds i t  seems u n l ik e ly  tha t  LH was working via testosterone
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production to re s u l t  in such changes. These observations ind icate  that  
LH may be playing a ro le  in b i l l  pigmentation as implicated in the house 
sparrow (Lofts  e t  a l .  1973). These resu lts  with s ta r l ing s  and house 
sparrows also ind ica te  that  receptors to mammalian LH do occur in the 
avian brain and tha t  the nervous mechanism is s u f f i c i e n t l y  matured to 
detect and respond to LH.
In these experiments there was no co rre la t io n  between indiv idual  
differences in behavior and plasma testosterone le v e ls .  The plasma 
testosterone levels of those birds demonstrating the highest levels  of  
a c t i v i t y  were not d i f f e r e n t  from those birds that  demonstrated the lowest 
a c t i v i t y .  This agrees with other reports (Ba l thazar t  et  a l .  1978,
B a l thazart  1978) and i t  has been suggested tha t  a considerat ion of  the 
brain metaboli tes of testosterone would show a be t te r  co rre la t io n .  A 
s ig n i f ic a n t  c o r re la t io n  between the frequency of aggressive behavior and 
the ra te  of  production of androstenedione by brain tissues has been found 
in mice (Dess i-Fu lghier i  e t  a l .  1976) and Japanese quail (B a l thazar t  et  
a l .  1979). In quails i t  has also been shown that  androstenedione st imulates  
reproductive behavior (Adkins 1977).  I f  androstenedione is corre la ted  
with aggressive behavior i t  is  u n l ik e ly  that  LH is e l i c i t i n g  behavioral  
response since i t  has been demonstrated that  androstenedione is ac t ive  
in depressing plasma LH in birds (q u a i l :  Massa et  a l .  1977; chick:
Balthazart  et  a l .  1978).
More recent experimentation has found, however, that  both e s t r a d io l -17$ 
and testosterone are more e f f e c t i v e  than androstenedione in restor ing  
aggressive behavior to castrated Japanese quail (Tsutsui and Is h i i  1981).
They suggest that  p r io r  to sexual maturation an unknown fa c to r  determines 
the in te n s i ty  of aggressiveness; a f t e r  maturation testosterone secreted
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from the testes is converted in a ce r ta in  region of the brain to es trad io l -  
176 which i n i t i a t e s  aggressive behavior according to the predetermined in ­
te n s i ty .  The unknown fa c to r  could be androgen level a t  the time of hatch­
ing or soon a f t e r  hatching which may be determined g e n e t ic a l ly .  Mating 
behavior in male birds has been demonstrated to res u l t  from genetic de­
termination in domestic fowl (Siegel 1972) and Japanese quail (Cunningham 
et a l .  1977).  The po s i t ive  c o r re la t io n  found by some invest igators be­
tween androgen level and aggressiveness could be the re su l t  and not the 
cause, of the in te n s i ty  of aggressiveness (Tsutsui and Is h i i  1981). In 
a study on a w ild  population of red-winged blackbirds i t  was found that  
plasma testosterone levels  were highly  var iab le  in those birds which had 
recent ly  engaged in an aggressive in te rac t ion  (Harding and F o l l e t t  1979).
The lack of e f f e c t  of  testosterone on the expression of aggressive 
behavior in in tac t  male s ta r l ings  suggests that  the t r a d i t i o n a l l y  held 
theory of a d i re c t  act ion of testosterone on aggressiveness is an over­
s im p l i f ic a t io n .  This is fu r th e r  reinforced by the lack of corre la t ion  
between plasma testosterone t i t e r s  or t e s t is  size and frequencies of 
aggressive behaviors. The lack of e f fe c t  of LH on aggressive behavior 
suggests that  th is  hormone is not acting d i r e c t l y  on the central nervous 
system in a behavioral context ,  though i t  may be e f fe c t in g  the appear­
ance of  a social signal (yellowing of the b i l l ) .  I t  is c lear  that  in ­
div idual d i f ferences in s t a r l in g  behavior cannot be a t t r ib u ted  s o le ly  to 
va r iab le  testosterone levels and that genetic factors which in turn might 
inf luence brain metabolism of hormones are more important in th is  respect.
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Figure A l .  Rela t ive  aggression score fo r  MT fo r  each p a i r  encounter of  
Experiment I .  Re la t ive  aggression score = # performed by dominant -  # 
performed by subordinate. Dashed l ines  ind ica te  the s t a r t  of  treatments  
1 and 2 respect ive ly .
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Figure A2. Re la t ive  aggression score fo r  FLUFF fo r  each pa i r  encounter 
of Experiment I .  Re la t ive  aggression score = # performed by dominant -  
# performed by subordinate. Dashed l ines  in d ica te  the s t a r t  o f  treatments  
1 and 2 respect ive ly .
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Figure A3. Rela t ive  aggression score fo r  ADVANCE fo r  each p a i r  encounter 
of Experiment I .  R e la t ive  aggression score = # performed by dominant -  
# performed by subordinate. Dashed l ines  ind ica te  the s t a r t  o f  treatments  
1 and 2 respect ive ly .
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Figure A4. Re la t ive  aggression score fo r  PECK fo r  each p a i r  encounter  
of Experiment I .  Re la t ive  aggression score = # performed by dominant -  
# performed by subordinate. Dashed l in es  ind ica te  the s t a r t  of  treatments  
1 and 2 resp ect ive ly .
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Figure A5. Re la t ive  aggression score fo r  DSPL fo r  each p a i r  encounter 
of Experiment I .  R e la t ive  aggression score = # performed by dominant -  
# performed by subordinate. Dashed l ines in d ica te  the s t a r t  o f  treatments  
1 and 2 respect ive ly .
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Figure A6. Re la t ive  aggression score fo r  KICK fo r  each p a i r  encounter  
of Experiment I I .  R e la t ive  aggression score = # performed by dominant -  
# performed by subordinate. Dashed l ines  in d ica te  the s t a r t  of  treatments  
1 and 2 respect ive ly .
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Figure A7. Re la t ive  aggression score fo r  FLUFF fo r  each pa i r  encounter 
of  Experiment I I .  R e la t ive  aggression score = # performed by dominant -  
# performed by subordinate. Dashed l ines  ind ica te  the s t a r t  o f  treatments  
1 and 2 resp ect ive ly .
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Figure A8. Rela t ive  aggression score fo r  ADVANCE fo r  each pa i r  encounter  
of Experiment I I .  Re la t ive  aggression score = # performed by dominant -  
# performed by subordinate. Dashed l ines  in d ica te  the s t a r t  of  treatments  
1 and 2 resp ect ive ly .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
tu
o
u
CO
Z
O
co
to
LU
QC
O
O<
A D V A N C E
0 6 . 2 0
«■I
10,01
3 0 -
2 0 -
1 0 -
0 -
1 2 , 2 6
2 3 , 2 8
3 2 , 2 7
C O N B
0 -
201 0 155
E N C O U N T E R
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
52
Figure A9. Rela t ive  aggression score fo r  PECK fo r  each p a i r  encounter 
of Experiment I I .  R e la t ive  aggression score = # performed by dominant -  
# performed by subordinate. Dashed l ines ind ica te  the s t a r t  o f  treatments  
1 and 2 respect ive ly .
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